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1. INTRODUCTION AND SUMMARY 

1 .1  BACKGROUND 

During the y e a r s  intervening s ince the feasibility of all solid-state 

microwave sources  was first demonstrated,  continued effort has  been directed 

toward obtaining g rea t e r  amounts of r - f  power at  ever  increasing frequen- 

c ies .  

higher power levels is the varactor .  Other  devices such as the charge-  

s torage,  o r  snap-off, diode have var ious advantages in the generation of 

lower levels of r-f power; however, none a re  known that are  equivalent to  

va rac to r s  in obtaining the higher levels of microwave power at maximum 

efficiencies. 

To date, the solid state device m o s t  suited fo r  use  in obtaining these 

More  recently, varactor  technology has reached a point where  it has  

become feasible to  generate a watt o r  m o r e  of r - f  power at X-band frequen-  

c ies .  Probably the single most significant factor  that  has  contributed to 

the higher performance of varac tors  has  been an improved package type 

that permi ts  a great ly  reduced the rma l  res is tance between the varac tor  

junction and varac tor  case .  Because varac tor  efficiency normally dec reases  

as its junction tempera ture  increases ,  the lower the rma l  res i s tance  permi ts  

high efficiencies to  be maintained while relatively l a rge  amounts of r-f 

power a re  being dissipated in the junction. 

in that it causes  lower efficiencies which in turn  causes  g r e a t e r  heat  d i s s i -  

pation. F o r  this reason, the significance of low the rma l  res i s tance  to high 

power operation is great.  

Junction heating is regenerat ive 

Another major  factor  contributing to high power varac tor  s ignal  

source  operation has  been the development of c i rcui t  techniques whereby 

m o r e  than one varac tor  may be  used in parallel .  

been made in this a r e a  for  varac tor  frequency mult ipl iers  operating below 

L-band; comparable  s t r ides  had not been made a t  the higher frequencies.  

It is in this la t te r  a r e a  that significant contributions have been made as a 

resu l t  of this program-a se r i e s  of balanced frequency doublers,  each 

employing two varac tors ,  has been developed to operate  through X -band; 

efficiencies closely approaching theoret ical  l imits  have been achieved. 

Many advancements have 

-1  - 



1 . 2  R E V I E W  O F  P R O J E C T  TASKS AND SUMMARY 

The design and development of the Solid State X-Band Signal Source 

was  accomplished in fulfillment of Contract NAS 8-5205, Modification 6, 
dated 18 May 1964. 
fabr icate ,  test, and deliver a working model of a solid state X-band signal 

sou rce  having an output of approximately one watt insofar  a s  this could be 

accomplished with currently available components. 

ance was to be approximately seven months. 

The objective of the contract  was to design, develop, 

The period of per form-  

The project  was accomplished using catalog l isted components such 

as va rac to r s  and t rans is tors  in c i rcu i t s  employing advanced techniques. 

A ground rule  followed in the selection of applicable va rac to r s ,  for  exam-  

ple, was that they be of a type available f r o m  at leas t  two different manu-  

f ac tu re r s .  

devices ,  many of which have appeared on the marke t  recently.  

experience that g rea t e r  success  has  been attained using devices of cer ta in  

manufacturers  and advantage was taken of this fact  in making the selection 

of va rac to r s  to be used. 

This tended to preclude the use of unproven "breakthrough" 

It i s  our  

In addition to the  use  of va rac to r s  of repute ,  c i rcu i t s  of advanced 

design a r e  needed to ensure maximum output and reliability of performance.  

In this regard ,  new c i rcu i t  techniques w e r e  developed fo r  the frequency 

doublers operating f rom L-band through X-band. 

guide multiplier c i rcui ts  were synthesized f r o m  low frequency balanced 

networks employing dual active elements ,  and displayed those advantages 

usually associated with balanced circui ts ;  that is ,  frequency separat ion by 

symmetry ,  doubled power handling capability, and l e s s  susceptibility to 

input and output line impedance fluctuations. 

c i rcu i t s  had not been seen  elsewhere,  patent d i sc losures  w e r e  submitted 

for  each of the frequency doublers operating f r o m  1.3 gc through 10 gc. 

These coaxial and wave- 

Because s imi la r ly  configured 

The optimum location of the power amplifier within the multiplier 

chain was carefully analyzed a t  the beginning of the program,  and the deci-  

sion was made to operate at 324Mc in o r d e r  to achieve a higher overa l l  

efficiency and to maintain the lowest possible power dissipation in each of 

the active devices.  

charac te r i s t ics  had been in production f o r  some months and was selected 

for  use in the amplif ier .  

A RCA t rans is tor  having the requisite performance 

Two o r  t h ree  other t rans is tor  types a r e  being 

- 2  - 



developed which will have super ior  charac te r i s t ics  relative to the requi re -  

ments  and a r e  expected t o  be available by ea r ly  1965. 

t r a c t  initiation, TRW Semiconductors was developing a t r ans i s to r  to  provide 

an output of g rea t e r  than 10 watts at 324 Mc; this unit was  to  be available 

during the latter pa r t  of 1964. 

existed f o r  the solid s ta te  source  if the power amplifier operated nea r  

300 Mc ra the r  than at the 100 to  200 Mc level  as is  current ly  popular. 

analysis  showing the advantage of operating at 324 Mc is presented in 

Section 2. 

At the t ime  of con- 

It was thus su rmised  that optimum potential 

The 

A summary  of the X-Band Solid State Signal Source  operating cha rac -  

t e r i s t i c s  is shown in Table 1. 

t u r e  environment of approximately 25 C. 

This data  was  taken in an  ambient t empera -  
0 

Table 1. X-Band Solid State Signal Source 
Operational Charac t e r  is t ics  

Input Signal Frequency 

Input Signal Power Level 

Output Signal Frequency 

Output Signal Power Level 

Multiplication Fac tor  

Overal l  d -c  to  r - f  Efficiency 

r -f Bandwidth 

Spurious Level 

108 Mc 

0 dbm 

10,368 Mc 

30 dbm 

9 6  
1. 05 percent 

0 . 4 2  percent 

25 db below the c a r r i e r  

Tempera ture  tests were  performed on the two highest frequency 

doublers of the signal source.  

C-band frequency doubler;  the resu l t s  displayed a change in the output 

power of 0.55 db when the ambient t empera tu re  was var ied f r o m  -45 t o  

t71'C. 

NAS 9-2938 f o r  the Manned Spacecraft  Center  on a reproduction of the 

C -  to X-band doubler and a report  entitled "Tempera ture  Study of Varactor 

Diodes" prepared.  

of 0.5 to 0.6 db f o r  a varactor  c a s e  tempera ture  variation of -39  to t72OC. 

None of the remaining submodules was  tempera ture  tested.  

Limited testing was  performed on the S-  to 

Fa i r ly  extensive tempera ture  tests w e r e  performed under 

Results of this tempera ture  test indicated a variation 

- 3 -  



The personnel a t  TRW Space Technology Laborator ies  responsible 

for  the design and development of the submodules compris ing the X-Band 

Solid State Signal Source were  as follows: 

Mr .  R. Steinberg assis ted by X3/Power Amplifier 
M e s s r .  P. Quartarolo and 
R. P i tcher  

Mr .  J. Habra assis ted by 324 Mc to 10.4 gc Frequency 
M e s s r s .  B. Gililland and Doubler Circui ts  
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Mr. A .  B. Blau assis ted by Low Loss Ci rcu la tor  and 
Mr .  F. Fowler  Bandpass Filter 
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2. DESCRIPTION O F  EQUIPMENT 

2.1 INTRODUCTION 

This section presents a discussion of the arrangement  and power 

budget of the submodules comprising the X-band Solid State Signal Source 

and of the design, development, and tes t  resu l t s  of each submodule. 

Schematics, photographs, and component descriptions a r e  provided so 

that a complete understanding of the equipment can be attained. 

A block diagram of the solid state signal source showing the signal 

powers and frequencies a t  var ious points of the system is present  in 

Figure 1. The power levels predicted a t  the beginning of the program,  

and those actually obtained a r e  each shown to provide some insight into 

f i r s t ,  the accuracy of the various efficiency relationships presented la te r  

in this section, and second, the extent to which the performance of the 

various doublers can be improved by fur ther  c i rcui t  refinements.  F o r  

example, i t  i s  apparent that all but two of the frequency doublers have 

efficiencies within a few tenths of one db of the theoretical  value. 

conversion loss  of the 0.648 to 1 . 3  gc frequency doubler exceeds the p r e -  

dicted value by over 1 db and also is m o r e  than 1 db higher than would 

be expected by interpolating the efficiencies of the adjacent doublers.  

This would indicate that the unit i s  excessively lossy and could be im- 

proved by about 1 .5  db. 

respondingly higher output, o r  about a 1 . 0  to 1 . 5  db decrease  in pr ime 

power a s  the power amplifier output may  be decreased  accordingly. 

The 

This improvement could resul t  in either a c o r -  

The conversion efficiency of the C- to X-band doubler exceeds the 

theoretical  value by over 1 db. 

connection with the conversion loss  equations was incorrect ,  specifically 

that the constant relating the degree to which the varac tor  was dr iven was 

pessimist ic ,  o r  that the thermal res is tance of the varac tor  was lower 

than anticipated. 

This indicates that an assumption made in 

The three section bandpass f i l ter  originally intended for  inclusion 

in the multiplier chain was omitted when i t  was found that its use contri-  

buted negligibly to the spurious signal rejection. The la rges t  amplitude 

spurious signals measured at the output were displaced approximately 

*30 M c  f r o m  the c a r r i e r  and were  about 2 5  db down f rom the c a r r i e r ,  

-5- 
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These were within the passband of the f i l t e r  and hence were  not appreciably 

attenuated. 

center frequency a s  it offered little rejection to signals near  20 gc, which 

were  about 44 db below the c a r r i e r .  

f i l ter  would be an a id  in fur ther  attenuating the spurious signals already 

about 33 db down; however, a shor t  length of X-band waveguide would 

accomplish the same function and would probably be used with the signal 

source.  

The fi l ter  had a subsidiary passband near  twice i t s  design 

At half the output frequency, the 

The next sections present the analyses performed on the blocks 

indicated in Figure 1. 

3 2 4  Mc Frequency Multiplier and Power Amplifier. 

The presentation commences with the 108 to 

2 . 2  108 TO 3 2 4  Mc FREQUENCY MULTIPLIER/AMPLIFIER 

2 . 2 .  1 Module Arrangement for  Maximum Efficiency 

One of the main  objectives in the design of the 1-watt, X-band, 

solid-state signal source  w a s  to obtain the highest possible d-c to r-f 

conversion efficiency s o  as to minimize the power consumption i f  used 

in a space mission.  An analysis was prepared  to aid in  determining the 

optimum placement of the power amplif iers  in the X-band signal source 

multiplier chain. In summary,  the analysis indicated the power amplif iers  

should be placed at the highest frequency a t  which the individual t rans is tors  

of the amplifier could furnish a minimum gain of 5 db and possess  a mini-  

mum power conversion efficiency of approximately 0 . 4 5 .  

c r i t e r i a  a r e  imposed on the RCA 2 N 3 3 7 5  t rans is tors  used in the power 

source,  they resul t  in the placement of the power ampl i f ie rs  a t  the output 

of the varac tor  multiplier t r ipler ,  i, e. ,  a t  3 2 4  Mc. 

When these 

The technique followed to determine the optimum placement of the 

power amplifier was to calculate the overall  efficiencies of the frequency 

t r ip le r /ampl i f ie r  section f o r  th ree  different arrangements ,  each consis t -  

ing of th ree  amplif iers  and one frequency t r ip le r .  Each of the amplif iers  

was assumed to possess  the same efficiency, defined a s  the r-f output 

power divided by the d -c  input power, and thus the same number of ampli-  

f ication stages.  The efficiency of each amplif ier  was assumed independent 

of the two frequencies involved; this is  obviously not t rue ,  however, the 

e r r o r s  introduced do not change the conclusions.  The three  submodule 

a r rangements ,  o r  ca ses ,  considered a r e  as  follo\vs: 

- 7 -  



a )  All transistor amplif iers  a r e  located before the varac tor  
multiplier chain a t  108 Mc, Figure 2. 

b) Only the final power amplifier stage is  located af ter  the 
varac tor  t r ipler  a t  324  Mc, Figure 3 .  

c )  The dr iver  amplifier and power amplifier s tages  a r e  
located after the varac tor  t r ip le r ,  Figure 4. 

Case 1 

Assume that the three amplif iers  precede the frequency t r ip le r ,  

F igure  2 ,  and that each amplifier has  a power conversion efficiency of q . 
The power required f rom the d-c supply is 

0 

where 

P = Outputpower of the power amplifier 
P" 
Pd = Outputpower of the dr iver  amplifier 

P = Outputpower of the amplifier preceding the dr iver  a 

In t e r m s  of the power delivered a t  the output frequency, P" 
0 

where 

L = Varactor multiplier conversion efficiency 

G '  = Gain of the power amplifier 
P 

G' = Gain of the dr iver  amplifier d 

The overal l  power efficiency, q , a t  the output frequency for  this ca se  i s  

LG'  G i  qo 
- 0 -  - P - % P 'I 

G' Gh f G'  f 1 d 1 1 1 

P P 

- - -  
q t l  pd-c - -+ -  L LG + LG' Gh P 



- 8  Preamplifier 

. 

Figure  2. Case  1-Determination of Power  Amplifier Location 

108 t o  324 mc 

Tr ip i e r  

Driver Power 
* Amplifier Amplifier - Frequency L 0 

5 

Figure  . Case  2-Determination of Power  Amplifier Location 

108 t o  324 mc 

T r i p l e r  

Driver Power 
* Amplifier - - Amplifier Preamplifier Frequenc j c 

J 

c 

Figure  4. Case  3 -Determination of Power Amplifier Location 

- Driver Power 
AmpLirier Amplifier 

108 t o  .j24 mc 

A i o l e r  
Preamplifier Pri::%uency . c 

- 9- 



This  can  be approximated by 

1 

since L is l e s s  than 1, and GI and G '  are each normally g rea t e r  than 10. 

Case 2 

P d 

In a similar way, it can be shown that the overal l  power efficiency 

for  Case 2,  F igure  3 

1 1 
1 1t- G" L -t LG" GA 

P P . I  

q t 2  

where the double p r imes  indicate the output frequency power gain. 

Case  3 

The overal l  power conversion efficiency for  Case 3 ,  Figure 4: is  

- TO 

P P 

Upon inspection of the efficiency expressions for  the different ca ses ,  

it  is evident that the overall efficiency for  Case 2 and 3 approaches the 

efficiency of the l a s t  stage as the gain of the las t  stage inc reases ,  

would indicate that as t rans is tors  become available with gains g rea t e r  

than 10 db a t  322 Mc, the overall  efficiency of the power amplif ier /  

frequency t r ip le r  section could approach 50 percent  o r  m o r e .  This,  of 

course ,  a s sumes  an  efficiency of the las t  stage of 50 percent ,  which 

should be typical, and a tripler conversion loss in the neighborhood of 

2. 5 db, which is a l so  believed typical. 

This 

- 10- 



The expression f o r  Case 1, on the other hand, indicates that the 

overal l  efficiency is limited to the product of the efficiency of the t r ipler  

and of the amplifier preceding i t ,  again assuming a gain of 10 db or  more  

for  the amplifier.  

about (0. 6) (0 .  562) = 0. 34 assuming a typical amplifier efficiency of 60 p e r -  

cent and a t r ip le r  efficiency of 0. 562 (=  - 2 .  5 db). 

A real is t ic  l imit  for overal l  efficiency in this case  i s  

At the present  t ime, the bes t  known transis tor  that is considered 

a shelf i tem only has  a gain of about 5 db a t  324 Mc. Based upon the fact 

that the power gain of a single t ransis tor  amplifier operating i n  the u l t ra -  

high frequency spectrum region falls  off a t  a ra te  of 6 db pe r  octave, the 

gain of this same t ransis tor  a t  one-third the frequency would be about 

10 db higher,  o r  15 db. If the efficiencies of Case 1, 2, and 3 were cal-  

culated using this t ransis tor ,  and assuming an  amplifier efficiency of 

50 and 60 percent  a t  324 Mc and 108 Mc, respectively,  the overall  effi- 

ciencies would be approximately equal. 

ca l  difference in efficiencies a t  108 Mc and 324 Mc would be probably l e s s  

than 10 percent,  thus indicating a slightly higher overall  efficiency f o r  

Case 2 and 3 than for  Case 1. 

It should be noted that the numeri-  

In summary,  as the gain of available t rans is tors  increases  above 

5 db, the advantages of configuring the ampl i f ie r / t r ip le r  a s  Case 2 o r  3 

becomes m o r e  pronounced, i r respect ive of the amplifier efficiency at 

108 Mc being slightly grea te r  than at  324 Mc. 

At this time, the RCA 2N3375 silicon N - P - N  planar t ransis tor  i s  

the only known "off the shelf" solid state device that can furnish the gain 

and the minimum power conversion efficiency required for a power ampli-  

f ie r  operating a t  324 Mc .  

with a gain of about 5 db, the output power capability of this t rans is tor  

exceeds 4 watts. 

As an unneutralized Class C power amplifier 

The block diagram of the X-band power source through 324 Mc, a s  

i l lustrated in Figure 5, is a r ranged  fo r  maximum efficiency, according 

to the analysis and for minimum power dissipation in any one active 

device. 

bersome,  hence, the technique of paralleling the final amplif iers  was 

adopted. 

shown in Figure 6. 

Directly paralleling m o r e  than two t rans is tors  a t  a t ime i s  cum- 

A photograph of this section of the solid state signal source is  

- 1 1 -  
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The .gains and output power levels of each of the units were slightly 

over-designed to minimize the effects of interface degradation that might 

have occurred  when the units were interconnected. 

against component parameter  variation with age and replacement was a l so  

furnished in  this manner.  All amplifiers employ the common emi t te r  

configuration which provides the most  gain fo r  a given stability factor 

against regeneration. In addition, all amplif iers  a r e  implemented with 

inter stag e shielding. 

A margin of safety 

2. 2. 2 Preamplif ier  Design and Development 

As i l lustrated in  the block diagram, F igure  5, the preamplifier fu r -  

nishes approximately 2 watts to the X3 varac tor  multiplier when driven 

f rom a 1 milliwatt 108 Mc source. The preamplifier u ses  one 2N2656, 

two 2N4816, and two 2N2660 t ransis tors  connected in cascade ( see  Figure 7) ,  

+ 15v 

Figure 7. Schematic Diagram, 2 watt, 108 Mc Preamplif ier  

The 2N2656 is biased for  c l a s s  "A" operation and provides approxi- 

The collector dissipation is  about 150 mw whereas  the mately 10 db gain. 

allowable dissipation at 25OC free air ambient is  360 mw. 

is heat sinked to the chass i s ,  the t rans is tor  power dissipation derating 

factor  exceeds two. 

ground through a 50-ohm res i s tor  to maximize the stability of the amplifier 

s tage against oscillations. The preamplif ier  second and third stages make 

use  of a PT4816 PSI t rans is tor  which is  ra ted a t  800 mw power dissipation 

at 25 C f r ee  a i r  ambient, o r  3 watts f o r  a case  temperature  of 25 C. 

Since the case  

The base of the 2N2656 t rans is tor  i s  connected to 

0 0 
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The power rating a t  f r ee  a i r  ambient assumes  that no heat sink is provided, 

all cooling being by radiation from the t ransis tor  case.  

a t  25  C case  temperature assumes that the case  temperature is always 

maintained at  a temperature of 25OC via a suitable heat sink. 

current  drawn by each transistor is  approximately 35 ma, causing a col- 

lector dissipation of 520 mw. 

chassis  and a r e  therefore derated by a factor of two o r  more.  

r e s i s to r  is connected f rom the base to ground of each t ransis tor ;  this is 

used in  preference to a choke f o r  enhancing the stability of the stages 

against oscillation. 

The power rating 
0 

The d-c 

The t rans is tors  a r e  heat sinked to the 

A 50-ohm 

The las t  two stages of the preamplifier employ PT2660 PSI t ran-  

s is tors .  Fo r  a case temperature of 25OC the t rans is tors  a r e  rated a t  

10 watts power'dissipation each and 1 watt a t  25OC f ree  air ambient, 

providing a power dissipation derating factor in excess  of two. 

The preamplifier has been tested and operated over long periods 

Changing the bias on the amplifiers for  the of time with good results.  

purpose of increasing the amplifier gain has not resulted in regenerative 

behavior of the amplifier. 

Figure 8. 

A photograph of the preamplifier i s  shown in 

Figure 8. Working Model, 2 watt, 108 Mc Preamplifier 
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2. 2, 3 108 to 324  Mc Frequency Tr ip le r  

In designing the frequency t r ipler  following the preamplif ier ,  con- 

sideration was given to the fact  that with a t rans is tor  multiplier,  the 

base-emit ter  junction ac ts  in some respec ts  a s  a diode multiplier with 

the resulting signal amplified in a normal  way, The conversion efficiency 

of diodes is generally less  than that of varac tors ,  thus i t  is m o r e  efficient 

to use a varac tor  multiplier and a t ransis tor  amplifier preceding o r  fol- 

lowing it than employing a t rans is tor  multiplier directly.  

the low frequency t r ip le r  in the solid state signal source incorporates 

a varac tor  to per form the tripling process .  

A s  a resul t ,  

Because of the relatively low frequency a t  which the t r ip le r  operates  

and the comparatively low efficiency requirement ( a s  previously noted the 

overal l  efficiency will be almost entirely determined by the las t  amplifier 

s tages) ,  an inexpensive readily available PC 117 varac tor  was selected. 

The following analysis establishes the optimum drive power level,  the 

conversion efficiency, the dissipated power, and the requisite input and 

output impedances of a frequency t r ipler  employing this varac tor .  

The cutoff radian frequency, w of the PC117 varac tor ,  is given by 
C '  

- s  10 
= 1.8  x lo1 '  r a d / s e c  A 'max min - - 10 - 

0 . 5  w =  
C RS 

where 

= Maximum susceptance of the PC117 

= Minimum susceptance of the PC117 

= Equivalent s e r i e s  res is tance of the PC117 

m a x  

min  

R S 

S 

S 

F o r  the design condition in  which no forward bias cur ren t  i s  drawn f rom 

the varac tor  a t  any portion of i ts  cycle, the optimum varactor  input power, 

min = 1. 68 watts P! = 0.0242 in R, w s C 
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where 

VB = Diode reverse bias breakdown voltage, 100 volts 

= Minimum reverse  bias voltage reached during the min V 
fundamental frequency cycle, 0. 5 volt 

w = Fundamental frequency, 678 x 10 6 r a d / s e c  
0 

The input impedance to the varac tor  a t  w o s  Rin, is  

max R = 0. 126- = 18.5 ohms 
S 

in w 
0 

The output impedance at the third harmonic,  R3, i s  

max - S 
R3 = 0.168 - - 8.26  ohms 

3w0 

The power dissipated by the varactor  

(vB - )2 2 
= 0. 849 min ($1 = 0. 24 watt 

pdis s RS 

The power output f rom the varac tor  is  

Pb = 1. 68 - 0. 24 = 1.44 watts 

At room temperature  the P C  117 is capable of handling 500 mw. 

Hence, the power derating factor is  D = 500/240 = 2.08. 

Assuming the output circuit  efficiency 2 0.9 ,  then the actual output 

power f rom the t r ip le r  will be 

P 1.44 x 0 . 9  = 1.3 watts 
0 

If the input c i rcui t  efficiency were  a l so  0. 9,  then 

P' in  - 1. 68 

pin - - o.9 - = 1.87 watts 

- 17- 



Equivalent input and output c i rcui ts  of the varac tor  for  108 Mc and 324 Mc,  

respectively,  a re  shown in F igu re  9. 

.1 

- C 20 pfd 
0 cc-------l 

[” 
R = 8 . 2 6  ohms < 

3 3- e= Zout 
C ‘ 2 2 0  pfd 
0 

Figure 9. Equivalent Varactor  Impedences 

The circui ts  employed to match the input and output impedances of 

the varac tor  to 50 ohms a r e  shown in the e lec t r ica l  schematic of Figure 10. 

The s e r i e s  resonant circuit  a c r o s s  the varac tor  to ground is the idler  

c i rcui t  fo r  the second harmonic. 

Figure 10. 108 To 3 2 4  Mc Varactor Multiplier 
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The measured multiplier characterist ics closely matched the cal-  

l .  2 watts was achieved f rom the varactor  multi- culated performance. 

pl ier  a t  a frequency of 324 Mc, working into a 50 ohmload, for an  r-f drive 

of 2 watts a t  108 Mc; this gave an overall  conversion efficiency of 

60 percent. 

shown in Figure 11. 

a 

A photograph of the frequency t r ipler  working model is 

I 

b. 

Figure 11. Working Model, 108 to 324 Mc Frequency Tripler  

2. 2.4 Power Amplifier 

The power amplifier,  shown in the block diagram of Figure 5, con- 

s i s t s  of an amplifier/power divider, a power balancer, three output power 

amplifiers,  and a power combiner. Each of these sections of the power 

amplifier were individually packaged for  the solid state signal source 

working model; however, they would be packaged a s  one submodule in 

a flight configuration. 

The amplifier/power divider employs a single RCA 2N3375 power a t ransis tor  in a common emit ter  configuration operating in the Class Bmode. 

The power dissipation rating of this t ransis tor  a t  a case temperature of 

- 19- 



25OC i s  11.6 watts.  

f r o m  the 2 8  volt d -c  supply and d iss ipa tes  3.6 watts o r  l e s s ;  which i s  well 

within the rating of the t rans is tor .  The amplif ier  provides 1 watt into 

50 ohms a t  each of i t s  three outputs when dr iven f r o m  1 watt source at 

a n  impedance level  of 50 ohms. 

The amplif ier /power divider draws  200 ma o r  l e s s  

The t rans is tor  input impedance of the amplif ier /power divider 

approximate 13 ohms in se r i e s  with an  inductive reactance of about 8 ohms.  

This input impedance is t ransformed to a 50 ohm res i s t ive  impedance by 

the capacitor network a t  the base  of the t r ans i s to r ,  as i l lustrated in 
F igu re  1 2 .  

the output coil. 

to about 140 ohms a t  the collector,  the required value for  maximum power 

conversion efficiency. 

The collector capacitance of the t r ans i s to r  i s  resonated with 

The output coil is a lso used to  t r ans fo rm to 50 ohm load 

The amplif ier  dr iver  stage dr iven by each output of the power 

divider h a s  the same design a s  the amplif ier /power divider.  

into this stage furn ishes  3 watts  to the final s tage of power amplification. 
One watt 

F igure  12. 2 Watt, 324 Mc  Power  Divider 
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Each of the t h r e e  final s tages  of power amplification, F igure  13 ,  

makes use of two 2N3375 t r a n s i s t o r s  connected in  para l le l  to provide an  

output power of approximately 9 watts. Each  t r ans i s to r  draws  no more  

than 400 ma f r o m  the 28-volt d - c  supply, hence the collector power d i s -  

sipation is no grea te r  than 8. 2 watts per  t r ans i s to r  which is  within the 

t r ans i s to r  ra t ing of 11 .6  w a t t s .  The 50-ohm output load i s  t ransformed 

to ref lect  the optimum collector load impedance by use of a pi-matching 

network in the output circuit .  

model is  shown in Figure 14. 

A photograph of the final amplifier working 

T R W  Semiconductors is developing a power t r a n s i s t o r ,  expected to 

be available in sample quantities by mid-  1965, that  will be capable of 

delivering 10 watts a t  500 Mc while displaying a 10-db gain and 50 percent 

collector efficiency. 

a n  overal l  amplifier efficiency exceeding 

the volume of the flight packaged configuration to dec rease  to several  

cubic inches.  

only 2 t r ans i s to r s  operating in  para l le l  would be  capable of providing the 

required power a t  324 Mc; this  same function now takes six t r a n s i s t o r s  

and appreciable additional c i rcu i t ry .  

The use  of this  t r ans i s to r  would probably resu l t  i n  

32 percent and would permit  

The power divider and combiner would be eliminated, s ince 

The  power combiner shown schematically in  F igure  15 is actually 

a reac t ive  power divider operated in r e v e r s e ,  i. e.,  with inputs and out- 

puts interchanged. 

signal divides into three output signals,  each having a precise  phase and 

amplitude relationship with the other two. F o r  a power combiner,  then, 

these s a m e  phase and amplitude relationships a re  maintained between 

each of the t h r e e  input signals so that they add, loss less ly ,  to f o r m  a 

single output. 

divider would be: each of the th ree  50 ohm output impedance a r e  t r a n s -  

formed to 150 ohms,  and then paralleled to present  a matched 50 ohm 

"input. 

i s  shown in  F igure  16.  

F o r  a matched th ree  port  power divider a single input 

The power combiner is designed as a standard power 

A photograph of the power combiner,  and the power balancer ,  
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F i g u r e  13. 10 W a t t ,  324 Mc P o w e r  Ampl i f i e r -  
S c h e m a t i c  D i a g r a m  

F i g u r e  14. 10  W a t t ,  324 Mc P o w e r  Ampl i f ie r -  
Working Model  
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F i g u r e  15. 324 Mc P o w e r  C o m b i n e r  

F i g u r e  16. 324 M c  P o w e r  C o m b i n e r ,  Left 
108 M c  P o w e r  B a l a n c e r ,  R i g h t  
W o r k i n g  Mode l s  



2 . 3  324 MC TO 10.4  GC FREQUENCY DOUBLER CHAIN 

2.  3 .1  General Analysis 

During the prel iminary design phase of the frequency doublers in the 

X-Band Solid State Signal Source four  significant design pa rame te r s  had 

to be evaluated. The following questions w e r e  r a i sed  a s  a resu l t :  

0 At what power level would each doubler operate ? 

0 What type of varactor would operate most efficiently at 
the required frequency and power level  ? 

0 Should balanced or single ended multiplier c i rcui ts  
be used?  

0 What circui ts  should incorporate d i sc re t e  components 
and which should utilize distributed constant techniques ? 

The determination of the r-f power levels were  discussed inSect ion2.  1 ,  

and the predicted values shown in the block d i ag ram of Figure 1 .  

selection was accomplished by f i r s t  computing the des i red  pa rame te r  

values for  each doubler, then obtaining, a s  near ly  as possible,  va rac to r s  

possessing the s a m e  pa rame te r s .  

doubler c i rcui ts  was based pr imar i ly  upon power requirements  and a 

consideration of available varactor charac te r i s t ics .  

were  adopted throughout the chain ( f r o m  324 Mc to 10, 368 Mc) due to the 

possibility of excessive power dissipation in the single-ended type doublers ,  

especially a t  higher ambient tempera tures .  

doubler, 324 to  648 Mc, should utilize lumped circuit  e lements;  the second 

(624 to1248 Mc) should have the input c i rcui t  built in lumped circuit  e lements  

and the output circuit  in distributed circuit  e lements;  a l l  other doublers 

f r o m  1, 3 gc to  X-band should utilize distributed circui t  e lements .  This 

decision was based upon size and weight considerations,  upon the Q's  of 

applicable lumped components, and upon the fact  that lumped components 

have been used successfully at frequencies approaching 650 Mc. 

result ing chain i s  believed to be a definite advancement in the state-of-the- 

a r t  of varactor  mult ipl iers .  

Varactor 

The selection of the balanced frequency 

Balanced circui ts  

It was decided that the f i r s t  

The 

The schematic representation of the balanced circui t  configuration 

used i s  shown in F igure  17  and has the following advantages: 
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0 Improved operation over extreme tempera tures  

0 Increased power handling capability without sacr i f ice  
of operating efficiency 

Reduction of power dissipation in each varactor  

Separation of even and odd harmonics by circui t  symmetry .  

0 

0 

2 4  IN 
OUTPUT 

MATCH\NQ C\RCU \T 
M A T C W \ N G  

INPUT 
c\ RLU \T 

+IN 

- - 
- - 

Figure 17. Balanced Frequency Doubler Circui t  

Next consider the operating level of the multipliers.  The dr ive 

power of the frequency multipliers at which maximum efficiency is  

obtained is  given by the following expression:" 
.I, 

2 = Bf. C pin in min v~ 

P = R F  drive power in 

fin = Multiplier input frequency 

= Minimum varactor  capacitance (a t  V ) min B C 

VB = Varactor breakdown voltage 

B = Constant 

~ ~~ ~ 

J. 1- 

Robert  P. Rafuse,  "Recent Developments in P a r a m e t r i c  Multipliers," 
Proceedings of the National Electronics  Conference, 1963. 
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The value of B is a function of the multiplication factor ,  the degree 

to  which the varactors  a re  pumped, i. e ., fully pumped o r  overdriven, and 

upon the varactor  junction type. 

multiplication factor  i s  two, the varac tors  a r e  overpumped in o rde r  to 

obtain maximum efficiency, and diffused junction varac tors  a r e  used 

throughout. 

was determined empirically a t  S T L  during the development of s eve ra l  

multipliers and is used throughout the calculations in this repor t .  

values of B have been published by Rafuse for different pumping levels 

and for  different junction types and a r e  l isted below for comparative 

purposes .  

Fo r  the multipliers of interest ,  the 

These conditions resu l t  in a value of 0 . 4  for  B .  This  value 

Other 

Table 2. Values of B for Different Junctions 
and Drive Levels 

Fully Pumped, Overdriven, Overdriven, Fully Pumped,  
Abrupt Graded Abrupt Graded Constant 

B 0.18 0 . 4 3  0 .43  0 . 0 7 4  

The efficiency of a times-two multiplier that is optimally pumped 

can be calculated f rom varactor  pa rame te r s  by the following expression: 

fin 
E = l -  

C max 

where 

E = Varactor efficiency 

A = Constant 

f .  = Input frequency to  multiplier 
in 

= Maximum cutoff frequency of varactor  
C 

f 
max 

The value of A = 15 w a s  determined empir ical ly  a t  STL during 

previous frequency multiplier development, Again, for comparative 

purposes ,  values for A published by Rafuse a r e  shown in Table 3 (they 

a r e  valid only for f 

A that was used in the calculations is slightly more  conservative t h a n  

the corresponding value in the table. 

0 . 1  f c ) .  As with the Constant B ,  the value of 
out 
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Table 3 .  Values of A for Different Junction Types and Drive Levels 

Overdriven, Ful ly  pumped, Overdriven, Fully pumped, 
Constant abrupt abrupt graded graded 

A 15.0  19.90 14 .0  2 5 . 6  

Varactor  capacitance is given at  different a r b i t r a r y  voltages, 

normally -6  volts o r  zero  volts, by different manufacturers .  

to obtain the minimum capacitance, C 

the following relation can  be used: 

In o rde r  

that occurs  at voltage breakdown, min’ 

VB i- e Y 
c (v) = c  case  + C m i n [  V t J  

where 

C = Junction capacitance at  voltage V 
V 

= Case  capacitance 

= Junction capitance at  V 

case  

min 

C 

B C 

V = Junction breakdown voltage B 

+ = Contact potential, 0 . 5  volt 

V = Bias voltage 

y = 1 / 2  for  abrupt junctions 

= 1 / 3  for graded junctions 

Because the charac te r i s t ics  of diffused junctions a r e  s imi la r  to 

those of graded junctions over the g rea t e r  p a r t  of the capacitance- 

voltage curve,  a value for y of 1 / 3  was used to determine C . As 

mentioned previously,  diffused junction diodes were used for  each of the 

frequency doublers .  Values of case  capacitance, C were  normally 
found to range between 0.45 and 0 . 7 5  picofarads for  the varac tors  utilized. 

min 

case’  

When determining the optimum type of varactor  to  u s e  in a par t icular  

situation, Equation (1) was used to establish the relationship between C min 
and VB at the specified drive power.  With this information and catalog 

data of avilable varac tors ,  a l l  of the requisite information, except power 

dissipation capabilities, existed for  a proper  choice of varac tor .  Equa- 

tion ( 3 )  aided in converting junction capacitance at bias points other t h a n  
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breakdown voltage, as given in  many catalogs,  to minimum capacitance 

at breakdown voltage while Equation (2)  established the conversion 

efficiency of the varactor  alone. 

In addition to power losses  within the varac tors ,  losses  a l so  occur 

within the multiplier input and output filtering and impedance matching 

circui t ry .  

the doublers a r e  interconnected with coaxial cable.  

a r e  direct ly  coupled, the losses  a r e  reducible.  

These losses  amount to about 0 . 3  to  0 . 5  db pe r  doubler when 

When the doublers 

Another varactor  parameter  whose influence is par t icular ly  signifi- 

cant in the design of high power frequency multipliers is the rma l  res i s tance ,  

a measure  of the heat t ransfer  proper ty  of the diodes. 

s is tance,  in conjunction with efficiency, determines the r - f  power handling 

capability of varac tors ,  thus i t s  character izat ion is essent ia l  in the choice 

of the devices.  

The rma l  r e -  

It should be noted that the efficiency of varac tors  is direct ly  dependent 

on junction temperature  which in turn  is a function of the the rma l  res i s tance  

and power dissipated.  

Solid State Signal Source was that the varac tor  cutoff frequency dec reases  

to  half values for  a 100 C increase  in junction temperature .  

levels of efficiency degradation due to increased junction tempera ture  

range up to one db for  the frequency doublers in the X-band Solid State 

Signal Source.  

A r u l e  of thumb used during the design of the X-band 

0 Typical 

When considering the efficiency degradation attributable to  increasing 

junction tempera ture ,  the power handling advantage of a balanced over  a 

single ended configuration becomes apparent.  This is par t icular ly  t rue  

when the regenerat ive action of dissipated power-versus-efficiency is 

recognized This  attr ibute resu l t s  in a ve ry  rapid fall-off in efficiency 

after a c r i t i ca l  level  of dissipated power is reached.  

dec rease  in efficiency versus  dissipated r-f power is being ca r r i ed  out at 

STL under NAS 9-2938. 

Fur ther  study of the 

The power dissipated in the varactor  can be expressed by the 

following relation 
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where 

q l  = Efficiency of the doubler input coupling circui t  

E = Varactor efficiency 

P = Doubler input power in 

Pdis s = Dissipated power in the varac tor  

It is c l ea r  f r o m  the expression that Pdiss would be minimized if E ,  which 

i s  direct ly  re la ted to the cutoff frequency of the varactor ,  i s  maximized. 

The expression relating the varactor junction tempera ture  and the dissipated 

power is 

amb ’ (“T diode f R T  mult )p I d is  s ’ 
T = T  J 

and the rise in junction temperature  due to the dissipated power is: 

diode -+ RT mult )pdiss 

where 

= Therma l  res is tance f r o m  junction to  case  of the 

= Therma l  res is tance f r o m  the varactor  case  to  the 

= Dissipated power p e r  varactor  (watts)  

diode varac tor  in OC/watt RT 

RT mult  multiplier body in OC/watt 

’diss 

The value of R T ~ ~ ~ ~  used in the design of the Solid State Sigval Source 

This value was obtained empir ical ly  dur ingpr ior  multiplier was 5OC/watt. 

design. The thermal  res is tance of varac tors ,  RT typically decrease  s 

with increased capacitance and breakdown voltage f r o m  a maximum value 

of about 60°C/watt for higher power varac tors .  

that higher capacitance and breakdown voltage units have l a rge r  junction 

d i ame te r s  which resu l t  in a l a rger  heat conducting a r e a .  

diode’ 

This is  caused by the fact 

F r o m  relation (5)  the importance of low thermal  res i s tance  for 

high power varac tors  is apparent. 

importance in high power multiplier technology and i ts  improvement \ \ i l l  

r esu l t  direct ly  in improved multiplier performance a t  higher po\ \er  l e \  c l s  

a n d / o r t e mp e r at  u r e s . 

This pa rame te r  i s  of considerable 
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In the remaining paragraphs of Section 2-4, the  frequency doubler 

pa rame te r s  that were  calculated, using the techniques and equations just  

descr ibed,  a r e  presented.  In addition, the type of va rac to r s  used and 

the experimental  test  data for  each doubler a r e  given. 

to compare the measured  character is t ics  with the predicted charac te r i s t ics  

for  each doubler in order  to obtain insight into the accuracy  of the various 

expressions.  

It is interesting 

Each doubler employs a dual varactor  balanced configuration. The 

input and output c i rcui ts  a r e  tuned t o  the fundamental and output frequencies 

respectively,  and p e r f o r m  functions of filtering and impedance matching. 

F o r  each doubler, the varac tors  a r e  symmetr ica l ,  physically a s  well a s  

e lectr ical ly ,  causing approximately equal cur ren ts  to flow in each varac tor ,  

and near ly  equal powers to be dissipated. 

2 .  3 . 2  324  to  648 Mc Frequencv Doubler 

The schematic of the balanced 324 to  

shown in  Figure 18 and a photograph of the 

648 Mc frequency doubler i s  

fina.1 unit is shown in Figure 19 .  

F igure  18. Schematic Diagram of the 
324 to  648 Mc Frequency 
Doubler 

Using the power and efficiency relations given in Section 2 .  3 -1 ,  the 

computed p a r a m e t e r s  a r e  

= 5 . 7  pf m i n  C 

f = 30 gc 

B 

C 

v = 120 volts 

Conversion loss  = 1 . 9  db 
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Figure 19. 324 to 648 Mc Frequency 
Doubler 

The published parameters  of the varactors  used a r e  

Varactor No .  1 
(MA 4061A) 

= 7 .7  pf min C 

Varactor No.  2 
(MA 406 1A) 

= 7.5 pf min C 

V = 130 volts VB = 128 volts B 

f = 30.7gc  f = 29 gc 
C C 

0 RT = 6 C/watt RT = 6OC/watt 

The measured data of the final model a r e :  

P = 43.8 dbm (24 watts) 

= 42.0 dbm (15.85 watts) 

in 

P 
0 

Loss = 1.8 db 
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2 . 3 . 3  648 to 1296 Mc Frequency Doubler 

The schematic of this balanced doubler i s  a s  shown in Figure 21; a 

photograph of the final configuration i s  presented in Figure 20.  

Figure 20. 648 to 1296 Mc Frequency Doubler 
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Using the relations previously given, the computed p a r a m e t e r s  a r e  

= 1.35 pf C min  

f = 120 gc 
C 

VB = 150 volts 

Conversion loss = 1.8 db 

The p a r a m e t e r s  of the varac tors  used a r e  

Varactor  No. 1 
(RCA V6000) 

= 2 .0  pf min  C 

Varactor  No. 2 
(RCA V6000) 

= 2 . 8 p f  m i n  C 

VB = 146 volts VB = 176 volts 

f = 115.3 gc f = 132 gc 

T 

C C 

R = 2 0 O ~ / w a t t  R~ = 20°c/watt  

The measu red  data are 

P 

Po = 38.5 dbm (7.07 watts)  

= 42 dbm (15. 85 watts)  i n  

Loss = 3.5 db 

2.  3 .4  1 . 3  to 2. 6 gc Frequency Doubler 

A photograph of the 1.3 to  2. 6 gc doubler i s  shown in  Figure 22. 

The computed p a r a m e t e r s  fo r  this doubler a r e :  

= 0.50 pf C m i n  

f = 100 gc 
C 

V = 135 volts 
C 

Conversion loss = 2. 2 db 
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Figure 22. 1 .3  to 2. 6 gc Frequency Doubler 

The parameters  of the varactors  used a r e  

Varactor No. 1 Varactor No. 2 
(Sylvania D4800) (Sylvania D4800) 

= 0. 64 pf min C = 0. 64 pf min C 

V = 138 volts B 
f = 106 gc 

V = 137 volts B 
f = 108 gc 

C C 

R = 2 7 O ~ / w a t t  T R = 2 7 O ~ / w a t t  T 

- 34- 



The measured data a re  

P = 38. 5 dbm (7. 0 7  watts) 
in  

P = 36 dbm ( 4 . 0  wa t t s )  
0 

Conversion loss = 2.5  db 

2.3.5 2.6 to 5.2 gc Frequency Doubler 

This doubler is a balanced doubler exactly like the third doubler, 

except fo r  the input and output resonant cavities which a re  scaled to  higher 

frequencies. A photograph of this double is shown in Figure 23.  

Figure 23. 2 .  6 to 5 . 2  gc Frequency Doubler 

-35- 



The computed pa rame te r s  fo r  this doubler a r e  

= 0.43 pf min C 

f = 130 gc 

v = 75 volts B 

C 

Conversion loss  = 2. 7 db 

The p a r a m e t e r s  of the varactors  used a r e  

Varactor  No. 1 
(Sylvania D4 80 0) 

= 0.47 pf min C 

v = 75 volts B 
f = 150 gc  

C 

R = 43OC/watt T 

Varactor  No. 2 
(Sylvania D4800) 

= 0.43 pf min  

v = 75 volts B 
f = 138 gc 

C 

C 

R~ = 4 3 O ~ / w a t t  

The measu red  data a r e  

P = 36 dbm ( 4 . 0  wa t t s )  

= 33.2 dbm (2. 10 watts) 

in 

P 
0 

Conversion loss  = 2.8  db 

2.  3. 6 5 . 2  to 10.4 gc Frequency Doubler 

This doubler stage consists of two varac tors  mounted on opposite 

s ides  of a square waveguide, s h o w n  in Figure 24, supporting two TE1 

modes.  

top and tuned to 5 .2  gc. 

to the two varac tors  f r o m  a small connector located a t  the bottom of the 

doubler. 

waveguide. 

c i rcu la tor .  

Coupling i s  accomplished with a resonant cavity situated at the 

A bias voltage of about minus 10 volts i s  applied 

A waveguide short  circuit  matches both varac tors  to the square 

Tuning screws  at  the output match the doubler to the output 
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Figure 24. 5.2  to  10.4 gc Frequency Doubler 

Temperature t e s t s  under NAS9-2938 a r e  being conducted on this 

Prel iminary resul ts  a r e  exceptionally good; the doubler at this time. 

output power variation in an ambient temperature  ranging from -25OC to 

t 7 l o C  was approximately 0. 5 db. 

The computed parameters  fo r  this doubler a r e  

= 0.30 p f  min C 

f = 200 gc 
C 

v = 45 volts B 

Conversion loss  = 4. 3 db 

The parameters  of the two varactors  used a r e  

Varactor No. 1 
(Sylvania D4800) 

= 0.43 pf min C 

v = 47 volts B 
f = 214 gc 

C 
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Varactor No. 2 
(Sylvania D4800) 

C = 0.42 pf 

V = 46 volts 

min 

B 

f = 200 gc 
C 



The measured  data a r e  

= 33.2 dbm (2. 10 watts) Pin 

Po = 30. 1 dbm (1. 023 watts) 

Conversion loss  = 3. 1 db 

2 . 4  CIRCULATOR 

The circulator  was  designed to present  a good impedance match to 

The functions the final frequency doubler over  the band f rom 8 to  12 gc. 

of the circulator  a r e  two-fold; f i r s t ,  it i solates  any mismatches  which 

may detune the final doubler stage; second, the wideband charac te r i s t ics  

of the circulator  tend to  promote s tabler  operation by effectively damping 

out spurious oscillations. 

The wideband character is t ic  of the circulator  was achieved by using 

a tr iangular f e r r i t e  element with tr iangular matching s t ruc tures .  

unit was built into a moderately sized package so that the des i red  wide- 

band charac te r i s t ics  could be attained; much smal le r  units are available 

but have degraded bandwidth character is t ics ,  

isolation, and insertion loss character is t ics  a r e  shown in Figure 25. 

The 

Curves of the VSWR, 

2 .5  SYSTEM TEST RESULTS 

This section presents  a s e r i e s  of curves  plotted f r o m  data taken 

during t e s t s  of the signal source. 

temperature ,  thus a r e  indicative of operation at an ambient tempera ture  

of approximately 25 C. 

source ,  two small  fans were  used to cool the power amplif ier  and the 

1. 3 to 2 . 6  gc frequency doubler during the tes t s .  

F igure  21 that the 1 . 3  to  2 . 6  gc frequency doubler was excessively lossy 

which accounts for  i t s  need for cooling. 

The t e s t s  were per formed a t  room 

0 Due to insufficient heat sinking of the signal 

It can be noted f rom 

A l l  measur ing  instruments used during the per formance  of the t e s t s  

had been recently cal ibrated against a secondary standard in  the STL 

metrology laboratory.  

included in the recommended equipment l is t ,  Section 3 .  3 .  

The types of instruments used fo r  the t e s t s  a r e  
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Table 4 presents  typical operating charac te r i s t ics  of the X-Band 

The data for the table was obtained af te r  the Solid State Signal Source. 

Signal Source had operated continuously for about 24 hours at room 

temp e r atu r e. 

Table 4. Typical X-Band Solid State Signal Source 
Ope rational Character is t ic  s 

Input Frequency 108.000 Mc 

Output Frequency 10 ,368  Mc 

R F  Power Input 0 dbm 

R F  Power Output 30.0 dbm 

Average Amplifier 
Case  Temperature  

47OC (with external f a n )  

Harmonics 

10.4 gc 0 db (reference)  

2 0 . 8  gc -44 db 

5.2 gc -33  db 

All o thers  -25 db" 

DC Input Power 

Preamplif ier  

t 2 3  volts at 295 ma 

-23 volts at 92 ma 

t 15 volts at 86 ma 

X - 3  Multiplier 

t 3 5  volts at 10 m a  

Power  Amplifier 

t 2 8  volts at 3.  025 amps  

% 

they a r e  believed generated in  the power amplifier section. 
These "harmonics"  a re  modulation sidebands of the X-band c a r r i e r ;  

The modulation sidebands present  in the output spectrum were  

separated from the c a r r i e r  by about 25  to  30 Mc, and were approximately 

2 5  db below the c a r r i e r  level. 

power amplif ier  section, and it is believed they were  generated by 

spurious osciilations occurring within one of the three  final power amplif iers .  

The condition could be corrected,  however due to the relatively low 

amplitude of the sidebands with respect to  the car r ie r ,  and because of 

scheduling considerations,  no effort was expended in this  direction. 

Their origin was t r aced  to the 324 Mc 
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Figure  26 depicting the curve of output ve r sus  input power, i l lus t ra tes  

the automatic gain control charac te r i s t ic  designed into the preamplif ier .  

This automatic gain control action, obtained by driving the preamplif ier  

near  saturation, was intended to reduce the sensitivity to the r-f dr ive 

level. 

obtained f o r  a n  r-f dr ive level variation of f r o m  -4  dbm to +4 dbm; 30 dbm 

o r  over  of output power can  be obtained f r o m  a dr ive  level varying f rom 

0 to + 4 dbm. 

The curve indicates that over  29 .6  dbm of output power can be 

F igure  27 i s  a plot of the bandwidth charac te r i s t ics  of the signal 

source;  it displays a bandwidth of about 0 . 4 2  percent .  

width i s  relatively narrow, i t  i s  nevertheless  sufficiently wide so  that 

frequency dr i f ts  i n  the laboratory instruments  used during checkout do not 

inhibit successful operation. 

Although the band- 

F igures  28, 29, and 30 provide a measu re  of the sensit ivity of the 

source  to fluctuations of the various power supplies. 

supply whose variation over a 

output power i s  the one providing the 28 volt p r ime  power to the final 

amplifier.  

sensit ive t o  fluctuations in  its bias. 

effor t  was made to  isolate the various submodules f rom power supply 

fluctuations. The various measurements  were  made with each power 

supply, except the one being var ied,  se t  to i t s  co r rec t  level. 

The only power 

10 percent  limit appreciably affects the 

Of course ,  the C-to X-band frequency doubler i s  a l so  fa i r ly  

It should be noted that no par t icu lar  

As i s  apparent f rom Figures  3 1 ,  32,  and 33,  the levels of the spurious 

harmonics  at the X-band output a r e  essent ia l ly  independent of variations 

in  input signal frequency, input r-f power, and any power supply fluctua- 

tions. 

one a t  a t ime while the o thers  remained at the i r  c o r r e c t  level. 

As in  the preceding paragraph, the powers supplies were  var ied  

Finally,  no hys t e r s i s  effects were apparent during the performance 

of the var ious t e s t s .  

when the output power does not come back to i t s  normal  level,  o r  does 

not come back a t  all, a f te r  the signal source has  been turned off and then 

back on. 

Hys ters i s  effects descr ibe the phenomenon occurr ing 
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Figure  26. Output R F  Power  Versus Input R F  Power  
of X-Band Solid State Power  Source 
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Figure 28. Output R F  Power Versus Power  Supply Voltage 
of X-Band Solid State Source 
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Figure  29. Output R F  Power Versus Power  Supply Voltage 
X-Band Solid State Source 
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Figure  30. Output R F  Power Versus  Power  Supply Voltage 
X-Band Solid State Source 
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Figure  31. Output Signal Spurs Versus Input Signal 
Frequency X-Band Solid State Source 
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F igure  32.  Output Signal Spurs Versus Input R F  Signal 
X-Band Solid State Source 
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Figure  33. Output Signal Spurs Versus Power Supply 
Voltage of X-Band Solid State Source 
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3. OPERATION AND ALIGNMENT PROCEDURE 

3 . 1  INTRODUCTION AND SUMMARY 

This section presents the procedure for operating the X-Band Solid 

State Signal Source. 

laboratory t e s t  equipment for  aligning each component subsystem as well 

as the complete subsystem a r e  given. 

In addition, pertinent techniques and recommended 

Each frequency doubler operating f r o m  324 Mc through X-band 

is tuned in the same manner,  thus the alignment procedure f o r  all  

doublers i s  common. 

pl ier  modules a r e  tuned synchronously. 

In every case ,  the amplifier and frequency multi-  

A degree of independence f rom the dr ive level and output impedance 

variations has been designed into the Solid State Signal Source. 

m e r  feature was attained by incorporating a small amount of automatic 

gain control capability into the 108 Mc  preamplifier.  

impedance variations has  been almost totally reduced by incorporating a 

c i rculator  to  function as a load isolator.  

features  will permi t  a s impler  setup procedure,  and provide appreciable 

operational stability. 

The for-  

Sensitivity to output 

It is to  be expected that these 

3.2 OPERATION 

The X-Band Solid State Signal Source working model requi res  s ix  

different d-c voltages, each regulated as well a s  standard laboratory 

supplies.  The inputs f o r  these voltages a r e  marked on the signal 

source  base plate and a r e  apparent in  the photograph of the source  shown 

in the frontis piece; they a r e  also noted on the source block diagram, 

F igure  34. The voltage and nominal cur ren t  ratings a r e  shown in 

Table 5. 

The r-f dr ive  required is  1 mw a t  about 108 Mc. The tolerable 

deviation in drive power is about *4 db with the resulting degradation in 

operating charac te r i s t ics  discussed in Section 2. 5. Because the high Q 

circui ts  a r e  all synchronously tuned, the bandwidth for sat isfactory opera-  

tion is res t r ic ted  to about 400 kc at 108 Mc. 

istic a s  a function of dr ive frequency is also discussed in Section 2. 5. 

The output signal charac te r -  
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Table 5. P r i m e  Voltage and Curren t  

Voltage 

t 2 3  

-23 

+ 15 

+ 35 

t 2 8  

- 10 

* 
Ap p r oxima t e 

Cur ren t  

295 ma 

92 ma 

86 m a  

10 ma 

3.025 amps 

1 m a  

Ratings 

* 
These cur ren ts  a r e  applicable when r-f dr ive 
is applied. 

Due to laboratory instrumentation to le rances ,  it is recommended 

that when operating the Solid State Signal Source,  the frequency of the 

dr ive  be roughly s e t  initially, then carefully swept af ter  connection to 

the source ,  until the  co r rec t  output power level is obtained. 

means ,  accura te  frequency measurements  become unnecessary.  

By this 

The X-band output of the Solid State Signal Source is designed to 

opera te  into a poor match with any reflected power being absorbed in 

the terminated arm of a circulator;  however, for maximum output 

power, the source  should operate  into a well matched RG52/u  waveguide 

load o r  the equivalent. 

It is important that  all d-c voltages be p re se t  to the specified values 

before application to the source. 

voltages and r-f dr ive  signal be applied in  the  sequence shown in 

Table 6 below. 

r i sk  that a fai lure  will occur .  

Once set ,  it is recommended that the 

If the suggested sequence i sn ' t  followed there  is some 

Ideally, the r - f  dr ive should be increased  f r o m  zero  to the proper 

operating level,  1 mill iwatt ,  however, application of powers up to 

seve ra l  mill iwatts will not cause damage; they will saturate  the p re -  

amplifier and may resul t  in degraded operation. 
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Table 6. Recommend Sequence for Application 
of P r i m e  Powers  and r - f  Drive 

Step Function 

1- 

2- 

3- r - f  drive 

Collector voltages (t 15v, t23v ,  t 28v)  

Bias voltages (-23v, t35v ,  - lov ,  ) 
* 

* 
The -10 bias  for the C to X-band frequency doubler should 

be slightly readjusted for  maximum power output a f te r  all 
voltages and the r-f dr ive  signal have been applied. 

Because of the exclusion of sat isfactory heat sinking provisions,  it 

is definitely recommended that a small blower o r  fan be used to  cool the 

power amplifiers.  

frequency multiplier due to its slightly excessive conversion loss ;  

however, this is not necessary .  

It would also be advisable to cool the 1. 3 to 2. 6 gc 

3 . 3  ALIGNMENT PROCEDURE 

This section contains a l ist  of recommended t e s t  equipment, block 

d iagrams of t e s t  setups , comments regarding alignment techniques, and 

applicable submodule operating character is t ics .  

alignment will only a r i s e  f rom further experimentation on the source , 
o r  result  f rom a submodule failure. 

be directed first toward an individual submodule and then toward the 

integrated signal source.  

It i s  expected that 

Inei ther  case ,  the t a sk  will probably 

Table 7 lists recommended types of laboratory tes t  equipment. 

Those types of tes t  equipment common to most  laborator ies ,  such as  

mul t imeters  and d -c  power supplies a r e  excluded. 

submodules in the signal source chain a r e  recommended a s  dr ivers ;  

when this occurs ,  it is so' noted. 

In many cases ,  



Table 7. Recommended Tes t  Equipment Lis t  

Preamplif ier  

Hewlett P ac ka rd  

Hewlett P ackar  d 

Signal Source 

Power Meter  w /  
Thermis tor  Mount 

Impedance Bridge and Hewlett Packard  
VHF Detector 

Spectrum Analyzerw/ Polarad 
Plug -In 

Att enuato rs Empire  Devices 

108-324 Mc Frequency Tr ip le r  

Signal Source 

Power Meter  wf 
Thermis tor  Mount 

Spectrum Analyzer w/ 
Plug-In 

Att enuato r s 

Impedance Bridge and 
V H F  Detector 

Signal Source 

Power Meter  w/ 
Thermis tor  Mount 

Attenuator s 

Spectrum Analyzer w/ 
Plug-In 

Impedance Bridge and 
V H F  Detector 

STL 

Hewlett P a c  kard  

Pol arad 

Empire  Devices 

Hewlett P ackar d 

Power Amplifier 

STL or Airborne Instru- 
ments Laboratory 

Hewlett Packa rd  

Empire Devices 

Polarad 

Hewlett Packard  

HP608D 

HP430C w/HP477B 

HP803A and HP417A 

Model TSA w/Model 
STU - 1 

AT58-10 and AT58-15 

Preamplif ier  

HP430C w/ HP4 7 7B 

Model TSA w/ 
Model STU-1 

AT58-10 and AT58-15 

HP803A and HP417A 

Type 124C 

HP430C w /HP447B 

2 each AT58-10, 
AT58- 15 

Model TSA w/Model 
STU-1 

HP803A and H P 4 1 7 A  
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Table 7. Recommended Tes t  Equipment List (Continued) 

Power Combiner 

Signal Source Hewlett Packard  HP608D 

Impedance Bridge Hewlett Packa r  d HP803A and HP417A 
and VHF Detector 

50 ohm Termination, Empire  Devices TE  - 80 -2 
3 each 

324 to  648 M c  Frequency Doubler 

Generator 

Input F i l t e r  

Out put Filte r 

Isolator 

Directional Coupler 

Impedance Bridge and 
VHF Detector 

Input Tuner  

Output Tuner  

At t enu at0 r 

Power  Meter  w/ 
Thermis tor  Mount 

Spectrum Analyzer w/ 
Plug-In 

STL 

T eloni c 

Telonic 

E and M Labs 

N a r  da 

Hewlett Packard  

W e  ins chel 

Weinschel 

Empire Devices 

Hewlett Packa rd  

Polarad 

Power Amplifier 

T C F  324- 100-4-CD 

T C F  648-100-4-CD 

Model U25Y 

Model 3000-20 

HP803A and HP417A 

DS19OL 

DS19OL 

4 each AT58-10 

Model 340C w/HP477B 

Model TSA w/Model 
STU-1 

648 to  1296 M c  Frequency Doubler 

Gener ato r Airborne Instrument Labs Model 124C 

Input F i l t e r  Telonic TCF-648- 100-4-CD 

Out put F ilt e r T elonic TCF-296-200-5 -CD 

Isolator Me1 Labs Model XH 825 

Model 3001-20 Directional Coupler Narda 

Input T un e r Weinschel Model DSl9OL 

Output Tuner  Weinschel Model DS19OL 
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Table 7. Recommeqded Tes t  Equipment List (Continued) 
.- * 

At t enu ato r s Empire Devices 2 each AT58-10 
1 each AT58-15 

Power Meter  w/ 
Thermis tor  Mount 

Hewle tt - P ackar  d HP430C w/HP477B 

Spectrum Analyzer w/ Polarad 
Plug -In 

Generator 

Input Filt e r 

Output F i l t e r  

Isolator 

Directional Coupler 

Input Tun e r 

Out put Tune r 

Attenu at0 r s 

Power Meter  w/ 
Thermis tor  Mount 

Spectrum Analyzer w/ 
Plug-In 

1.3 to 2.6 gc Frequency Doubler 

Airborne Instrument Labs 

Telonic 

Microlab 

STL 

N a r d a  

Weinschel 

W eins chel 

W eins chel 

Hewlett Packa r  d 

Polarad 

Model TSA w/Model 
STU-2A 

Model 124C 

T C F  1296-200-5-CD 

Highpas s Model HA-20N 
Lowpass Model FL3001 

Model 3002-20 

Model DS l90L 

Model DS190L 

3 each Model 210-3 
2 each Model 2 10- 10 

Model 430C w/HP477B 

Model TSA w/Model 
STU-2A 

2 .6  to 5 . 2  gc Frequency Doubler 

Generator  Hewlett -Packar  d Model 616A 

TWT Amplifier Alfred Model 5-6868 

Input F i l t e r  

Output Filt e r 

Mic rolab 

Mic rolab 

Highpass Model HA-20N 
Lowpass Model FL3001 

Highpass HA-50N 
Lowpass LA-60N 

Isolator STL 

Input Tuner  W eins chel Model DS190L 

Output Tuner FXR Model N300A 
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Table 7. Recommended T e s t  Equipment L i s t  (Continued) 

At t enu ato r s Empire  Device s 3 each Model 210-3 
2 each Model 210-10 

Power  Meter  w/ Hewlett-Packard Model HP430C w/HP477B 
Thermis to r  Mount 

TWT Amplifier Alfred Model 5-6868 
Alfred 

Spec t rum Analyzer w/ Polarad 
P lug  - In 

Model TSA w/Model 
STU-3A 

5 . 2  to 10.4 Mc Frequency Doubler 

Generator  Hewlett -P ackar  d Model 618B 

TWT Amplifier Hug gins Model 405D 

Input F i l t e r  

Out put Filt e r 

Mic rolab 

STL 

Isolator  STL 

Directional Coupler Narda 

Input Tuner  FXR 

Output Tuner  Hewlett P a c k a r d  

Attenuators Weinschel 

Power  Mete r  Hewlett P a c k a r d  

Spectrum Analyzer w/  Polarad 
P lug  -In 

Bandpass F i l t e r  

Signal Source Hewlett Packa rd  

Slotted Line Hewlett P ackar  d 

V s  W R h4 e t e r Hewlett Packa rd  

At t e nu at o r W eins chel 

Highpas s Model HA-5 ON 
Lospass  Model LA-60N 

'Model 3044- 10 

Model N300A 

Model 870A Slide 
Screw Tuner 

1 each Model 210-3 
2 each Model 210-10 

Model 430C 

Model TSA w/Model 
STU-3A 

HP620A 

HP809B w/HP 
810B; HP440A 

HP415D 

2 each Model 210-3 

Bolometer-Mount PRD 
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Pertinent techniques for  aligning each submodule of the signal 

source a r e  described in the following paragraphs.  

cedures  for alignment of the submodules a r e  considered standard,  thus 

a r e  not individually presented. 

of the frequency doublers operating f rom 324 Mc through X-band i s  

essentially the same,  thus, the  doublers a r e  discussed collectively ra ther  

than individually. 

Step-by-step pro-  

The techniques involved in aligning each 

Figure 34 i l lustrates  how to properly interconnect the supply voltages 

and the power amplifier section of the X-band Solid State Signal Source. 

The only required d -c  supply voltage not shown is the-10 volt bias for 

the C- to X-band doubler. 

3. 3. 1 108 Mc Preamplif ier  

When properly operating, the preamplifier should draw the approxi- 

m a t e  cur ren ts  l is ted in Table 5 when r - f  dr ive is  applied. 

power should be approximately 2 watts for a 1 mw input at 108 mcps 

when driven f rom a 50 o h m  source. 

be adjusted for synchronous tuning at an input frequency near  108 Mc. 

Its  output 

All inters tage tuning capacitors should 

The negative voltage supply may be adjusted to control the gain of 

the preamplifier.  Increasing this voltage increases  the quiescent emit ter  

cu r ren t  of the f i r s t  t h ree  stages and thereby increases  the amplifier gain. 

Decreasing the negative supply voltage has  the opposite effect. 

3 .3 .2  108 to  324 Mc Freauencv Tr ip le r  

The proper  bias for the X3 multiplier i s  t 35vdc .  With the specified 

input of 2 watts at 108 Mc, the output at  324 Mc should be approximately 

1 .2  watts,  

to 50 ohms. The combination of the se r i e s  resonant circuit  ac ross  the 

varac tor  to ground and the varactor should resonate a t  the 2nd harmonic 

frequency of 216 Mc. The ser ies  resonant c i rcui t  at  the input should be 

tuned with the varac tor  to the fundamental 108 MC frequency; the se r i e s  

resonant circuit  of the output circuit should be resonated with the varactor  

at  the third harmonic,  324 Mc. 

input and output of the multiplier should be adjusted to match the input 

The input and output of the multiplier should each be matched 

The variable capacitors in shunt with the 
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and output impedances to 50 ohms. 

quency selective indicator should be used to continuously monitor the 

output signal to prevent spurs  and other  harmonics f rom being generated. 

When adjusting the multiplier,  a f r e -  

3 . 3 .  3 Power Amplifier 

The power amplifier should be powered only by the t 2 8  vdc supply. 

With the X3 multiplier output connected to the input of the power amplifier 

and the output of the amplifier properly terminated in a 50 ohm load, the 

28 vdc supply should draw approximately 3 amps. 

The first stage of the power amplifier is a power divider a s  well 

as a power amplifier and is packaged i n a  separa te  chassis .  F o r  proper  

operation, the tuning capacitor of the divider should be adjusted f o r  maxi- 

m u m  power delivered at  324 Mc to the three  separate  50 ohm loads con- 

nected to its three  outputs. 

1 watt. 

in parallel .  

to  deliver approximately 9 watts each into three 50 ohm loads connected 

to the i r  respective outputs. 

Each output should measu re  approximately 

The outputs of the divider feed three separate  power amplifiers 

Each  of the power amplif iers  should be synchronously tuned 

3 . 3 . 4  Power Combiner 

The power combiner can be aligned by unsoldering two of the input 

A 50 ohm termination should matching networks and adjusting the third. 

be connected to the third input terminal  and the output impedance of the 

combiner se t  to 150 ohms by tuning the variable shunt capacitor. 

second input network should be reconnected and terminated in 50  ohms, 

and the output impedance of the combiner set  to 75 ohms by tuning the 

second input variable shunt capacitor. 

matching network and terminating it in 50 ohms, the output impedance 

of the combiner should be adjusted for 50 ohms by using the variable 

shunt capacitor of the third network. 

The 

After reconnecting the third input 

3 . 3 . 5  Frequency Doublers 

Each of the frequency doublers should be tuned individually in a 

s imi l a r  fashion. That i s ,  all  tuners whether Johanson capacitors o r  

machined plunger capaci tors ,  should be synchronously tuned for maxi- 

m u m  output power when the specified r-f signal is applied. Typical values 

-59 -  



of input and output powers, and of conversion losses  of each doubler 

a r e  given in Table 8; these values should be used a s  a guide when tuning 

the individual doublers. 

is a function of drive level,  thus it is  important that dr ive levels agree 

with those in the table. 

It should be noted that conversion efficiency 

Table 8. Frequency Doubler Performance Data 

Power Input Power Output Conversion Loss 
Doublers dbm dbm db 

1 43. 8 4 2  1. 8 

2 42  38. 5 3 . 5  

3 38. 5 36. 0 2 . 5  

4 36. 0 3 3 . 2  2.  8 

5 3 3 . 2  30. 1 3. 1 

If the proper  power output cannot be obtained, e i ther  the varac tors  

a r e  at fault o r  the circuit  i s  not functioning properly. 

of fa i lures  that have occurred  during development a r e  dirty components, 

broken components, o r  poor contacts. The la t te r  fault i s  particularly 

prevalent with the plunger capacitors. 

Some of the causes  

A block diagram of a tes t  setup recommended for aligning the 

individual frequency multipliers is shown in Figure 35. 

the isolator following the signal generator facilitates tuning the doubler 

by minimizing interaction between the generator and doubler. 

directional coupler is  used to monitor the input power so that a constant 

value can be maintained. 

harmonic frequency is optimized. 

and output of each doubler to permit  cor rec t  impedance matching between 

i t  and the respective t ransmission l ine.  The function of the cal i -  

b ra ted  attenuators is  to  decrease the r-f power by a known amount so  

the power can be measured  with a low power meter .  

levels  in dbm a r e  the sum of the db’s of attenuation and the me te r  reading 

in dbm. 

In the t e s t  setup, 

The 

The output f i l t e r  a s su res  that only the des i red  

A tuner  is incorporated at the input 

The actual power 
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Unit Under Test 
I - - - -  - 1  

Input 
F i l t e r  

--c Directional, Input + Frequency A Output ~ Output - Atten. Power 
Coupler Tuner Doubler I Tuner F i l t e r  Egds - Met er 

F igure  35. Block Diagram of a Typical Frequency 
Doubler Tes t  Setup 

c 

> 

After each doubler has  been individually aligned, the 324 to 648 Mc 

frequency doubler should be connected to the power amplif ier  and properly 

matched by slightly readjusting the capaci tors  of the doubler for maximum 

output. 

t ime a doubler is added all previous tuners  should be recheckedfor  maxi- 

mum power output. 

its bias should be se t  to about -10 volts and then adjusted slightly for 

maximum power output. 

i f  different va rac to r s  a r e  used in the final doubler. 

The other doublers can subsequently be cascaded in turn; each 

When the 5.2 to 10.4 gc frequency doubler is tuned, 

The -10 volt bias  voltage will change slightly 

- 

A precaution to observe in tuning the doublers separately o r  in 

cascade is  that each capacitor o r  tuner  adjustment range is broad and 

does not have any extremely sha rp  peaks. 

tion is essential  to insure  satisfactory performance over a nominal 

ambient t empera tu re  range. 

3. 3. 6 F e r r i t e  Circulator  

A nonsensitive tuning condi- 

The f e r r i t e  c i rculator  was designed so that the matching elements 

fo rm pa r t  of the waveguide s t ructure ,  thusthe circulator  has  no provi- 

s ions for adjustments.  

of a ce ramic  m a t e r i a l  that does not readily change in magnetic s t rength 

when placed in  the vicinity of other magnetic objects. 

f ield can however, be diverted somewhat by nearby magnetic ma te r i a l s ,  

causing ve ry  slight changes in c i rculator  character is t ics .  

will readily re turn  to its original charac te r i s t ics  when the magnetic 

ma te r i a l  in the vicinity is removed. 

The magnets used in the circulator  a r e  composed 

The magnetic 

The circulator  

- 
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4. CONCLUSIONS AND RECOMMENDATIONS 

The accomplishment of this contract  has  definitely proven the f eas i -  

bility of obtaining 1 watt  at X-band f r o m  an  all solid s ta te  s ignal  source.  

In addition, hardware  has  been developed which has the advanced charac  - 
t e r i s t i c s  necessary  fo r  a flight packaged, flight proofed high power solid 

s ta te  s ignal  source.  

Although only minor  effort was directed toward the power amplif ier  

design, some significant factors w e r e  achieved. First, the final amplifier 

was  built at 3 2 4  Mc, a frequency two to  three t imes  higher than normal .  

This fea ture  par t icular ly  i l lustrates  the advancements in t r ans i s to r  tech-  

nology, and indicates that  in the n e a r  future,  amplif iers  will be built a t  

even higher f requencies ,  thus effecting fu r the r  increases in solid state signal 

sou rce  d -c  to  r-f conversion efficiency. A second significant achieve- 

ment  was  the successful  adding of the output powers f r o m  th ree  sepa ra t e  

amplif iers .  

levels much in excess  of the 25 to 30 watts obtained during this project.  

Of course ,  nei ther  the operation of the amplif iers  at the higher frequencies,  

no r  the paralleling of the amplif iers  w e r e  accomplished fo r  the f irst  time 

in connection with this project,  however, it is believed that each represents  

c u r r e n t  technology l imits .  

This technique could be used sat isfactor i ly  for  obtaining power 

N o  par t icular  effort was made to  keep the 108 to 3 2 4  Mc frequency 

Based t r ip le r /power  amplifier package small, as is probably apparent ,  

on packaging densit ies achieved f o r  similar c i rcu i t ry ,  it is es t imated that 

the  t r ip le r /power  amplif ier  package could be packaged in a volume of no 

m o r e  than 32 cubic inches. When t r ans i s to r s  become available that a r e  

now being developed, this package s i z e  can undoubtedly be reduced even 

more .  

It is  believed that the most significant advancement in c i rcu i t  tech-  

nology result ing f r o m  this project was in the  a r e a  of the frequency doublers 

operating f r o m  L- through X-band. The balanced configuration of these 

units,  d iscussed previously, is believed to  be a definite advancement in 

the state-of-the-art .  

levels  of corresponding single ended mult ipl iers ,  and appear  to pro\.ide 

much less  tuning sensitivity. 

The multipliers permi t  operation at twice the power 

During the fair ly  extensive tempera ture  tes t s  
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performed on a reproduction of the C -  to X-band frequency doubler under 

NAS 9-2938, it was noted that considerable harmonic rejection was inher-  

ent in the basic doubler design. 

Each of the frequency doubler packages were  designed commensu- 

Of ra te  with the nucleus of a flight packaged solid s ta te  signal source,  

course ,  considerable progress  could s t i l l  be made  in reducing the doubler 

s i zes ,  perhaps by a factor  of two or  more .  

and the power amplif ier  packaged as  described, then it is estimated that 

the ent i re  X-Band Solid State Signal could be packaged within a volume of 

9 0  cubic inches,  

If this were  accomplished, 

It is interesting to notice that in addition to furnishing 1 watt a t  

X-band, par ts  of the Solid State Signal Source could be used for any of the 

following: 

0 324 Mc, 25 watt signal source 

0 648 Mc, 15.8 watt signal source  

0 1.3 gc, 7.7 watt signal source 

0 2.6 gc, 4.9 watt s igna l  source 

0 5.2 gc, 2.5 watt signal source 

In view of the performance achieved with the X-Band Solid State 

Signal Source to date, it is  recommended that a follow-on effort be 

continued t o  flight package the source  and/or a program be initiated 

to increase the r-f power capability, possibly to 2 o r  m o r e  watts. 

Follow-on effort would entail development of an engineering model 

packaged in a flight configuration. 

vacuum te s t s  would be performed on this model, and necessary  modi- 

fications made to improve its operation. 

repor t  on the "Temperature  Study of Varactor Diodes," prepared  under 

NAS 9-2938, a distinct trade-off exis ts  between the maximum operating 

ambient tempera ture  and the maximum operating power levels i n  varac-  

t o r s .  This trade-off would b e  exploited. Any multipactor action incurred 

during high vacuum te s t s  could be corrected,  probably using techniques 

established in connection with high power microwave tube development. 

Extensive temperature  and high 

As mentioned in the final 

Upon completion of the engineering model, significant techniques 

and information would exist so that only minimal effort would be required 
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to  obtain a fully flightproof model of a 1 watt solid s ta te  signal source.  

Perhaps more  important, a definite advance i n  te~chnology would have been 

made and recorded regarding the high power operation of varactors  in  

t empera ture  and vacuum extremes. 

If the taskwereundertaken to  extend the power a t  X-band to 2 o r  more  

watts,  the power at C-band to 5 o r  m o r e  watts,  o r  the power a t  any of the 

other available signals to at  least  double the i r  present  value, it  is believed 

that the same  basic frequency doubler c i rcui ts  would sti l l  be optimum. 

The power amplifier would require fairly extensive modifications, however 

one of a number of advanced t rans is tors  presently being developed would 

probably be available for  the task a t  that  t ime.  

would be  researchedandwouldbe of possible aid in accomplishing the goal. 

It i s  believed that the principal effort in obtaining two o r  more  watts a t  

X-band, however, would be directed toward fur ther  refinements of the 

present  X-Band Solid State Signal Source.  

New and improved varac tors  
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